(19) 



J 



(12) 



(43) Date of publication: 

11.02.1998 Bulletin 1998/07 

(21) Application number: 97112879.8 

(22) Date of filing: 25.07.1 997 



Europdisches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 823 621 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI.^: G01M 11/00 




(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH DE DK ES R FR GB GR IE IT LI LU MC 


• Hoiiuchi, YUkio, 


NL PT SE 


c/0 Kokusai D.D.K.K. 


Designated Extension States: 


Shinjuku-ku, Tokyo 163-03 (JP) 


AL LT LV RO SI 


• Ryu, Shiro, 




c/o Kokusai D.D.K.K. 


(30) Priority: 05.08.1996 J P 205677/96 


Shin]uku-ku, Tokyo 163-03 (JP) 


(71) Applicant: 


(74) Representative: 


Kokusai Denshin Denwa Kabushiki Kaisha 


Schaumburg, Thoenes & Thurn 


Tokyo 163-03 (JP) 


Postfach86 07 48 




81634 Munchen (DE) 



(54) Apparatus for detecting a fault location in an optical fiber line 



(57) Disposing optical ffl^er gratings 10a each 
reflecting a wavelength X1 which is different from a sig- 
nal wavelength As along an optical fiber line 10 at suita- 
ble intervals and positions. The wavelength Xs of signal 
light is not reflected by the grating 10a, but transmitted 
through the optical fiber tine 10. An optical pulse tester 
14 outputs probe pulse lights of wavelengths AO. XI, 
which are different from the signal wavelength as, at 
slightly different times. The probe lights of the wave- 
lengths XO, XI are input into the optical ftoer line 10 
through an optical adding and dividing device 16 and 

FIG. 1 



transmitted through the optical fiber line 10. Reflected 
light of the wavelength XI of probe light contains therein 
reflection pulses of the grating 10a. and each reflection 
pulse serves as a position reference. The probe light of 
the wavelength XO does not contain reflection light of the 
grating 10a. Comparison of the reflected lights of the 
wavelengths XO. XI to each other by the optical pulse 
tester 14, provides determination of whether there is a 
fault location, and, if so. detection of fault location with 
high precision can be made. 
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Description switching over the connections as in the case of FIG. 9. 

Further, the output lights of the optical pulse testers 

FIELD OF THE INVEhfTION 114. 116 may be made to have a waveband consisting 

of wavelengths different from a wavelength of the output 

This Invention relates to an apparatus for detecting s Kght of the optical sending device 1 1 0. and this provides 

a fault location in an optical fber line. an advantage of measuring the optical ftoer line 118 

even during transmission of signals. 

BACKGROUND OF THE INVENTION FIG. 1 1 shows an arrangement for maldng the best 

of the optical pulse testers 1 14, 1 16 in the case of hav- 

For monitoring and maintenance of optical ftoer io ing a plurality of optical fiber lines, wherein optical 

lines of an optical fiber communication system, an opti- switches 124. 126 are provided to connect the output 

cal pulse tester has been widely used. The optical pulse lights (and reflecting lights) of the optical pulse testers 

tester is an apparatus that can measure a loss distribu- 1 14. 116 with a target optical fiber line (or the adding 

tion in a longitudinal direction of the optical fiber, and and dividing device connected thereto), 

can detect a localized increase of loss or trouble o1 rup- is As described above, the optical tester is to obsen^e 

ture of the optical fiber, as well. With tiie optical pulse tiie light intensity on a time base, so that it is necessary 

tester, short optical pulses generated periodically are to convert the time base into a distance. A distance L 

incident on the optical fiber, and the light intensity of a witii respect to a time t lapsed after the sending of 

Rayleigh back-scattered light, which is produced by pulses is expressed by: 

such short optical pulses on the optical fiber, is 20 

observed on a time base, thereby to measure a loss L = ct/2n 
with respect to a distance. Details are described in a lit- 
erature entitled "OPTICAL FIBER". Paragraph 12.4, wherein c is a light velocity and n is a coefficient which 
, published by Ohmsya. Ltd. is called a group refractive index of optical fiber and 
FIG. 9. FIG. 10 and FIG. 11 each shows a sche- 25 referred to a propagation velocity of the optical signal 
matic structural block diagram of a conventional basic when it advances through the optical fitjer. The group 
optical communication system, respectively These con- refractive index n depends on design parameters and 
ventional systems differ from one another in a manner materials of the optical fiber. Generally, with the optical 
of connecting the optical pulse tester with the optical ftoer having a zero dispersion wavelength in a 1.3 
fiber line. Station A serves as an optical sending termi- 3C micron band, the n is in the order of 1 .460-1 .465, and 
nal station comprising an optical sending apparatus witfi the optical ftoer having a zero dispersion wave- 
1 10. and station B serves as an optical receiving termi- length in a 1.55 micron band, the n is in the order of 
nal station comprising an optical receiving apparatus 1.470-1.475. 

1 1 2, and stations A and B are respectively provided with Accordingly, even if the pulse tester has a very high 

optical pulse testers 114 and 1 16. Numeral 118 desig- 35 time accuracy, an error in the group refractive index n 

nates an optical fiber line. becomes an error in distance (uncertainty). The longer 

In FIG. 9. an end 118a of the optical ftoer line 118 tfie distance of an observation point, tiie larger the 

on the side of the station A is adapted to be selectively ateolute error becomes, and it is thought that with the 

connected with an output end of the optical sending above-mentioned parameters an en^or becomes as 

apparatus 110 and an input/output end of the optical 40 great as about 340 m for 100 km distance. The group 

pulse tester 114, while an end 1 18b of the optical fiber refractive index n differs from one optical fiber to the 

line 1 18 on the side of tiie station B is adapted to be other optical fiber, and it is possible to control each opti- 

selectively connected with an input end of the optical cal fiber constituting the optical fiber line, but this is not 

receiving apparatus 1 12 and an input/output end of the practical, because the data processing becomes quite 

optical pulse tester 1 16. Normally, tiie ends 1 18a and 45 complicated. Further, when a route for laying the optical 

118b of the optical ftoer line 118 are respectively con- ftoer line is changed, comparison wrth previously 

nected with the output end of the optical sending appa- observed data cannot be made, and, thus, an en-or in 

ratus 110 and tiie input end of the optical receiving the actually laid position becomes greater, 

apparatijs 112. Then when the necessity of performing Assuming, for example, the optical fiber cable is laid 

tests arises, the end 1 8a of the optical ftoer line 1 1 8 is so in a side-gutter along tfie rail way or the road, the gutter 

connected with the input/output end of the pulse tester covered by a lid after laying the optical ftoer cable to 

1 14 or the end 1 18b of the optical fiber line 1 18 is con- protect the cable from an external influence. With this 

nected witti the input/output of the pulse tester 1 16. condition, if a trouble has occurred in a portion of the 

Referring to FIG. 10. the optical pulse testers 114, cable in this section, it is not possible to confirm the 

1 1 6 are always connected witii tiie optical fiber line 118 ss trouble by visual observation of a terrain appearance. In 

by means of optical adding and dividing devices 120, this case, for checking a possible fault location it is nec- 

122. Thereby, this arrangement can be ready for use essary to remove the lid of the gutter in a wide range 

when conducting of tests becomes necessary, without including fore and after of the possible fault location, by 
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taking into consideration a measuring error. Further, 
wtien the optical fiber cable Is laid in and along the 
expressway, it is necessary to block or restrict traffic in a 
wide range of lanes to perform confirmation work of the 
possible fauit location. Needless to say. such work 
becomes more difficult for embedded cables. 

Further, in urban areas, the optical f ber cable is laid 
in and along a conduit under the road, and it is neces- 
sary to check the fauH location by entering into a man- 
hole provided in the public road. An interval between 
manholes is in the order of 100 m at the shortest, and 
considering the above-mentioned error of about 340 m 
in measuring the fault location, the manhole which is 
close to the fault location cannot t>e specified, and the 
fault location should be sought from, for example, man- 
holes at four places. However, such work on the putslic 
road greatly affects the traffic network as it causes, for 
example, a long hours of traffic delay. 

As such, with the precision of prior art, ascertaining 
the fault location requires many steps of operation, 
which is costly. Also, as a result, many hours are 
required until the communication is restored. Thus, in 
the case where the optical fiber cable is laid adjacent to 
or accompanying the public traffic network, the affect 
given to the traffic network is too great. 

OBJECT AND SUMMARY OF THE INVENTION 

Thus, an object of the present invention is to pro- 
vide an apparatus for detecting a fault location in an 
optical fiber line which can detect such fault location 
with a higher precision, thereby to solve the aforemen- 
tioned problems of prior art. 

According to the invention, reflecting means having 
a different wavelength from a signal wavelength is posi- 
tioned at one or more places on an optical fber line. 
Reflecting means comprises, for example, an optical 
fiber grating. A probe pulse light having a wavelength 
fully meets with the reflecting wavelength is directed to 
incident on the optical fiber line, and a reference point 
corresponding to the position of the reflecting means is 
detected from the reflecting light. In this manner, a plu- 
rality of distance references can be obtained, thereby a 
precision of conversion from time to distance is 
irrproved. That is, the reflecting light from the reflecting 
means, whose FX>S!tion is clearly known, is made a dis- 
tance marker, and the distance from an unusual point (a 
fault location) of backward scattering light to the dis- 
tance marker is measured. 

With the use of the probe pulse light having a wave- 
length which is different from either the reflecting wave- 
length of tiie reflecting means or the signal wavelength, 
a time variation of the Rayleigh back-scattered light of 
the optical fiber line, namely, a fine variation with 
respect to the distance, can be checked without being 
affected by the reflecting means, and the state of each 
position and a fault location of optical fiber fine can be 
checked with a higher precision. With a probe pulse 



light having a wavelength which is same with the reflect- 
ing wavelength of the reflecting means, it is possible to 
detect whether there is a trout>le. and if any, a degree of 
trouble and its position, but it is affected by the reflecting 
5 means. The influence of the reflecting means can be 
eliminated by using the probe pulse light having a wave- 
length which is different from tiie reflecting wavelength 
of the reflecting means. 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sti-uctural block diagram of an 

emtxxjiment of this invention; 

FIG. 2 shows results of measurements by optical 

75 pulse testers 14, 20; 

FIG. 3 shows an example of measurement of this 
embodiment showing a case where a fault has 
occurred between markers M2 and M3; 
FIG. 4 shows an example of measurement of this 

20 embodiment showing a case where a fault has 
occurred at a position superimposing the marker 
M2 or extremely adjacent thereto: 
FIG. 5 shows a schematic structural block diagram 
of a second embodiment of this invention; 

2S FIG. 6 shows a result of measurement of the sec- 
ond emtxxlimerrt; 

FIG. 7 is a schematic structural block diagram of a 
third embodiment; 

FIG. 8 is a schematic structural block diagram of an 
30 optical pulse tester 44; 

FIG. 9 is a schematic structural block diagram of a 
first conventional art; 

FIG. 10 is a schematic structural block diagram of a 
second conventional art; 
35 FIG. 1 1 is a schematic structural block diagram of a 
third conventional art; and 
FIG. 12 is a schematic structural block diagram of a 
fourth emtxxjiment of this invention applied for the 
optical fiber catDle. 

40 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Preferred embodiments of the invention will be 
45 descrtoed below in detail by referring to the accompany- 
ing drawings. 

FIG. 1 is a schematic sti-uctural block diagram of an 
embodiment of this invention. On an optical fO^er line 10 
extending between a sending station A and a receiving 
50 station B, optical fiber gratings 10a. 10a. 10a. 10a. 
which reflect a wavelength XI that is different from a sig- 
nal wavelength Xs are placed at appropriate positions 
with suitable ir^ervals. 

The sending station A comprises an optical sending 
55 apparatus 12 for generating a signal transmission light 
of a wavelength Xs; an optical tester 14 for generating a 
prove pulse light of wavelengths XO. XI and measuring 
the intensity of its reflected light on a time base; and an 
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optical adding and dividing device 16 adapted to dira:t 
an output light from the optical sending apparatus 12 to 
incident on the optical fiber line 10, to direct the probe 
light outputted by the optical pulse tester 14 to incident 
upon the optical fiber line 10, and to input the light 5 
reflected on the optical ftoer line 10 into the optical pulse 
tester 14. The optical adding and dividing device 16 is, 
as shown in FIG. 1 , comprising a half mirror in terms of 
its function. 

The receiving station B has. except its function of 10 
receiving rather than sending of signal light, basically 
the same structure as the sending station A. comprising 
a light receiving apparatus 18 for receiving the agnal 
light which has been transmitt^ through the optical 
fiber line 10; an optical pulse tester 20 for generating is 
probe lights of wavelengths AO, XI same as the optical 
pulse tester 14 and measuring the intensity of its 
reflected light on the time base; and an optical adding 
and dividing device 22 for directing the signal light which 
has been transmitted through the optical fiber line 10 to 20 
incident on the optical receiving apparatus 18, dlr^ng 
the probe light outputted by the optical pulse tester 20 to 
also incident on the optical fiber line 10. and inputting 
the light reflected on the optical fiber line 10 into the 
optical pulse tester 20. 2s 

Wavelengths XO. XI of probe lights g^erated by 
the pulse testers 14. 20 are made different from the 
wavelength Xs of tiie signal transmission light. In the 
case of a wavelength-division multiplexing transmission 
system, the wavelength Xs of the signal ti-ansmission 3C 
light means a waveband consists of a plurality of wave- 
lengths. 

The optical fiber grating 10a on the optical fiber line 
10 should be placed at a position which can be recog- 
nized as a target such as a connecting point of the opti- 35 
cal fiber and the like. For example, a closure for 
enveloping therein a point of fusion connection is desir- 
able. A suitable reflective index of the optical f itjer grat- 
ing 10a is in the order of 1%-10%. Further, the optical 
fiber grating 10a may be formed in advance at an extra 40 
portion of the optical fiber to be used for fusion connec- 
tion, so that the number of connecting points may be 
reduced, thereby to improve a transmission loss. Since 
the reflecting wavelength XI of the optical fiber grating 
10a is different from the signal transmission light wave- 45 
length (or waveband) Xs, the optical fiber grating 10a 
does not attenuate the signal transmission light, so that 
a fault location can be measured even during transmis- 
sion (in-service). 

Now, the operation of this embodiment will be so 
described. The optical sending apparatus 12 generates 
a signal light, and the signal light is input into the optical 
fiber line 10 through the optical adding and dividing 
device 16 and transmitted through the optical fiber line 
10. Since the wavelength Xs of the signal light is differ-^ 55 
ent from the reflecting wavelengtii XI of the optical f ber 
grating 1 0a. the signal light is not reflected by the optical 
fiber grating 10a, and therdDy not attenuat«j during the 



transmission of the optical fiber line 10. The signal light 
outputted from the optical fiber line 10 is input into the 
optical receiving apparatus 18 through the optical add- 
ing and dividing device 22 of the receiving station B. and 
subjects to signal receiving process. 

The optical pulse tester 14 outputs probe pulse 
lights of wavelengths XO, XI at slightly different times. Of 
course, the probe pulse lights of wavelengths AO, XI 
may be outputted at the same time, but in that case it is 
n^essary to provide the optical pulse tester 14 with an 
optical separation element for separating the reflecting 
light of the wavelength XO from the reflecting light of the 
wavelength XI , light receiving elements for receiving the 
separated lights discretely, and a signal processing cir- 
cuit for processing the output signal from each of the 
light receiving elements. 

The probe pulse light of the wavelength XI output- 
ted from the optical pulse tester 14 is input into the opti- 
cal fiber line 10 through the optical adding and dividing 
device 16, and transmitted through the optical ftoer line 
10. During transmission through the optical fiber line 10, 
tiie probe pulse light of the wavelength XI is partially 
reflected by the optical ftoer grating 10a, and, therday, 
attenuated. The reflected ligfit from each optical fiber 
grating 10a and the Rayleigh back-scattered light of the 
optical fiber line 10 will travel in a reverse direction 
towards the sending station A. and input into the optical 
pulse tester 14 through tiie optical adding and dividing 
device 16. The optical pulse tester 14 indicates tiie 
reflecting light inputt^ thereinto in a graphic represen- 
tation (and/or a printed output) wherein a vertical axis is 
tiie intensity of reflecting light and a lateral axis is a time 
base. 

The probe pulse light of the wavelength XO output- 
ted from the optical pulse tester 14 is input into the opti- 
ca! fiber line 10 through tiie optical adding and dividing 
device 16 and t-ansmitted through the optical fiber line 
1 0. However, tiie probe pulse light of tiie wavelength AO 
is not reflected by the optical fiber grating lOa. Conse- 
quently, only the reflected light of the Rayleigh back- 
scattered light of the optical fiber line 10 travels in the 
reverse direction through the optical ftoer line 10 
towards the sending station A through the optical add- 
ing and dividing device 16. As same as in the case of 
the probe pulse light of the wavelength X1 , the optical 
pulse tester 14 indicates tiie inputted reflecting light in a 
graphic representation (and/or printed output) wherein 
the vertical axis is the intensity of the reflecting light, 
and the lateral axis is tiie time base. 

A result of measurement by the probe pulse light of 
X1 and a result of measurement by the probe pulse light 
of XO are described in a monitor screen (or in a printed 
sheet) side by side on the same time base. In this man- 
ner, as will be describe hereinbelow. a fault location 
can t>e detected with a higher precision. 

The inspection by the optical pulse tester 20 is con- 
ducted in the same manner as the optical pulse tester 
14. 
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FIG. 2 shows the respective results of measure- 
ments by the optical pulse tester 14 and 20. FIG. 2(1) 
shows an example of measurement by the probe light of 
the wavelength k^ . and FIG. 2(2) shows an example of 
measurement by the probe light of the wavelength XO. In 
both examples, the lateral axis is a distance (the time 
lapsed after output of the probe light), and the vertical 
axis is the intensity of the reflecting light. 

As shown in FIG. 2(1), the probe light of the wave- 
length XI is reflected by the optical fiber grating 10a. 
and, consequently, the intensity of the reflecting light 
becomes stronger at each position where the optical 
fiber grating 10a is present. Since the positions of the 
optical i^ber gratings 10a are known, the positions at 
which the intensity of the reflecting light becomes 
stronger are denoted as markers Ml - M4. On the other 
hand, as shown in FIG. 2(2), the probe light of the wave- 
length XO is not reflected by the optical fiber grating 10a. 
and the intensity of the reflecting light reflects the state 
of the optical fit>er line 10. and normally, the light inten- 
sity is attenuated in accordance witii a distance, and 
becoming stronger at the fault location in response to a 
degree of the fault. 

The fault location can be detected even with only 
the wavelength X1 . However, to facilitate the distinction 
between the reflection by the optical fiber grating 10a 
and tiie reflection by cracking or fracture, it is preferable 
to measure the fault location also with the wavelength 
PvO which is different from the reflecting wavelength XI of 
the optical ftoer grating 10a. 

By comparing the position (time), at which the 
reflected light intensity of the probe light of the wave- 
length XO becomes stronger, with the positions (times) 
of markers M1~M4 of the reflected light of the probe 
light of the wavelength XI. the fault location can be 
determined with a high precision. Since the positions of 
markers M1-M4 are known, obtaining a distance from 
the nearby marker makes an error in distance smaller. 

In the case where the optical putse testers 14. 20 
have a function of automatically calculating a distance 
to the fault location, it is preferable that the positions of 
markers M1-M4, i.e. the positions where the optical 
fiber gratings 10a are placed can be input into the test- 
ers. With the inputted markers positions, the position of 
the fault location (a distance to the fault location) can be 
calculated with a higher precision than that of the con- 
ventional art. 

FIG. 3 shows a measurement example of this 
embodiment where a trouble has occurred between the 
markers M2 and M3. FIG. 3(1) shows the positions of 
the markers M1-M5. and FIG. 3(2) shows a waveform 
as a result of measurement by the probe pulse light of 
the wavelength X1 . Each marker of Ml - M5 comprises 
a reflecting element for reflecting the wavelength XI. 
The Fresnel reflection is produced at the fault location, 
and calculation of a distance between the nearest 
marker M2 and the Fresnel reflecting light allows deter- 
mination of the fault location with a high precision. In 



this case, the fault location can be measured with a high 
precision solely with the wavelength XI . 

FIG. 4 shows another measurement example of 
this embodiment where a trout>le has occunred at the 

5 marker M2 superimposed thereon or at a location 
extremely close to the marker 2. FIG. 4(1) shows the 
positions of markers M1-M5: FIG. 4(2) shows a wave- 
form as a result of measurement made by the probe 
putse light of the wavelength XI ; and FIG. 4(3) shows a 

10 waveform as a result of measurement made by the 
probe pulse light of the wavelength XO. With the meas- 
urement by the probe pulse light of the wavelengtin X1 , 
the reflecting light from tiie marker M2 and the Resnel 
reflecting light from the fault location are. as sown in 

15 FIG. 4(2), sut>stantially superimposed one upon the 
other, and they cannot be distinguished from each 
other. However, with the measurement by the probe 
pulse light of the wavelength XO. there are no r^lecting 
lights from any of the markers Ml- M5. as shown in 

20 FIG. 4(3), and consequentiy the Fresnel reflecting light 
from the troubled ppint is conspicuous, and. therefore, 
the fault location can be identified. Comparison of the 
measurement by the probe pulse light of the wavelength 
XO with that of the wavelength XI allows to identify 

25 whether the reflecting light is from the fault location or 
any of the markers M1 -M5. so tfiat the fault location can 
be determined with high precision. 

A plurality of reflecting elements for reflecting differ- 
ent wavelengths may be deposed on tiie optical fiber 

30 line. FIG. 5 shows a schematic structural block diagram 
of such embodiment. On an optical fiber line 30 extend- 
ing between the sending station A and the receiving sta- 
tion B, a plurality of optical fiber gratings 30a. 30a. 30a 
for reflecting the wavelength X1; a plurality of optical 

35 f toer gratings 30b arxJ 30b for reflecting the wavelength 
X2; and an optical fiber grating 30c for reflecting the 
wavelength X3 are arranged at suitable positions and 
intervals. 

At the sending station A, an optical pulse tester 32, 

40 which generates the probe putse lights of wavelengths 
XO, XI, X2, X3 and measures the intensity of the 
reflected lights on the time base, is arranged in place of 
the optical pulse tester 14; and at the receiving station 
B. an optical pulse tester 34, which generates, like the 

45 Optical pulse tester 32, the probe pulse lights of wave- 
lengths XO, XI . X2, X3 and measures the intensity of the 
reflecting lights on the time base, is arranged in place of 
the optical pulse tester 20. 

The wavelengths XO. XI , X2. X3 of the probe lights 

50 generated by the optical pulse testers 32. 34 are differ- 
ent from the wavelength Xs of the signal transmission 
light. In the case of the wavelength-division multiplexing 
system, the wavelength Xs of the signal transmission 
light means the waveband consisting of a plurality of 

55 wavelengths. 

In the enrriDodiment of FIG. 5. too, the optical fiber 
gratings 30a. 30b. 30c should be placed at positions 
wftich can be recognized as target points, such as con- 
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necting points of the optical f ber and the like. By placing 
the optical fber gratings 30a, 30b. 30c of different 
reflecting wavelengths adjacent to one another, for 
example, at a distance of about 10m, pr«;ision of each 
marker can become high©-, and, as a result, precision of 
detecting the fault location also becomes higher. Prefer- 
ably, each optical fber grating 30a, 30b. 30c is placed, 
for example, in a closure for enveloping therein a point 
of fusion connection. A suitable reflective index of each 
of optical fiber gratings 30a. 30b, 30c is in the order of 
1%-10%. Further, the optical fiber gratings 30a.30b, 
30c may be formed in advance at an extra portion of the 
optical fiber to be used for fusion connection of fibers, 
so that the number of connecting points may be 
reduced, thereby to improve a transmission loss. 

With the reflecting wavelengths A.1 -X3 of the optical 
fiber gratings 30a, 30b, 30c being different from the sig- 
nal transmission light wavelength (or waveband) Xs, the 
optical fiber gratings 30a. 30b. 30c do not make attenu- 
ation of the signal transmission light, thereby the fault 
location can be measured even during transmission (in- 
service). 

Now, the operation of the embodiment of FIG. 5 will 
be described. The operation regarding transmission of 
signal light is the same as the emlxjdiment of FIG. 1 , 
since the optical fiber gratings 30a.30b. 30c on the opti- 
cal fber line 30 do not reflect the wavelength Xs of the 
signal light. 

The optical pulse tester 32 generates probe pulse 
lights of wavelengths AO, XI , A2, X3 at slightly different 
times. Of course, the probe pulse lights of wavelengths 
XO -X3 may be outputted at the same time, but in tiiat 
case it is necessary to provide the optical pulse tester 
32 with an optical separation element for s^arating the 
reflecting lights of the wavelengths XO-XS from one 
another and light receiving elements for receiving the 
separated lights discretely. 

The prok^e pulse light of the wavelength X1 output- 
ted from the optical pulse tester 32 is input into the opti- 
cal fber line 30 through the optical adding and dividing 
device 16, and transmitt^ through the optical fiber line 
30. During transmission through the optical fiber line 30, 
the probe pulse light of tiie wavelength X.1 is partially 
reflected by the optical fber grating 30a. and, thereby, 
attenuated. The reflecting light from each optical fiber 
grating 30a and tiie Rayleigh back-scattered light of the 
optical fiber line 30 will travel in the reverse direction 
through the optical fiber line 30 towards the sending sta- 
tion A. and input into the optical pulse tester 32 through 
the optical adding and dividing device 16. The optical 
pulse tester 32 indicates the reflected light inputt^ 
thereinto in a graphic r^resentation (and/or a printed 
output) wherein a vertical axis Is the intensity of reflect- 
ing light and a lateral axis is a time base. 

The probe lights of wavelengths X2, X3 respectively 
outputted from the optical pulse tester 32 are processed 
basically the same as the probe light of the wavelength 
XI , However, the probe light of the wavelength X2 is 



reflected by the optical fber grating 30b, and the probe 
light of the wavelength X3 is reflected by the optical fiber 
grating 30c. Then, time characteristics (i.e. distance 
characteristics) of the intensity of these reflected lights 

5 are indicate in a graphic representation on a monitor 
screen and/or in a printed output. 

The probe pulse light of the wavelength XO output- 
t^ from the optical pulse tester 32 is input into the opti- 
cal fiber line 30 through the optical adding and dividing 

10 device 16 and transmitted through the optical fiber line 
30. However, the probe pulse light of tiie wavelength XO 
is not reflectaj by any of the optical fber gratings 
30a.30b,30c. Consequently, only the reflected light of 
the Rayleigh back-scatter«J light of the optical fber line 

75 30 ti-avels in the reverse direction through the optical 
fber line 30 towards the sending station A and input into 
tiie optical pulse tester 32 through the optical adding 
and dividing device 16. The optical pulse tester 32 dis- 
plays time characteristics (i.e. distance characteristics) 

20 of the intensity of reflected light in a graphic representa- 
tion on the screen of a monitor (and/or in a printed out- 
put). 

Thus, the positions of the optical fiber gratings 30a. 
30a. 30a can be measured by the probe light of tiie 

25 wavelength XI ; the positions of the optical fber gratings 
30b, 30b can be measured by the probe light of tiie 
wavelength X2: and tiie position of the optical fber grat- 
ing 30c can be measure by the probe light of the wave- 
length X3. These measured positions serve as markers 

30 .that is. reference positions in measuring position of a 
fault location by tfie probe light of XD . Examples of 
measurements by tiie probe lights of XO, XI , X 2, }3 are 
shown in FIG. 6. FIG. 6(1) is an example of result of 
measurement by XI ; FIG. 6(2) is an example of result of 

35 measurement by X2: FIG. (3) is an example of measure- 
ment by X3; and FIG. (4) is an example of measurement 
by XO. In all these examples, the vertical axis is tiie 
intensity of reflected light, and the lateral axis is the dis- 
tance (time). 

40 n is preferable that the results of measurements by 
tiie probe lights of wavelengths XO. XI . X2. X3, are indi- 
cated on the same monitor screen, or on the same 
sheet of paper, described side by side on the same time 
base. In this manner, comparison between the marker 

45 position and the fault location, as well as calculation of a 
distance to the fault location, can be made easier. In tiie 
case where the optical pulse testers 32. 34 have a func- 
tion of automatically calculating a distance to the fault 
location, it is preferable that the positions of markers i.e. 

so tiie positions of the optical fiber gratings 30a. 30b, 30c 
can be input into the testers. With the inputt^ marker 
positions, the position of the fault location (or a distance 
to the fault location) can be calculated with a higher pre- 
cision tiian that of tiie conventional art. 

55 In the embodiment of FIG. 5. it is apparent that an 
optical fiber grating which can reflect a plurality of wave- 
lengtiis (for example. XI and X2) may be used. 

The embodiment of FIG. 5 is particularly effective 
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for such a case, for example, where it is desirable to 
insert the optical f toer gratings 30a-30c, which serve as 
the reflecting elements, considerably adjacent to one 
another. In this case, the optical fiber gratings SOa-SOc 
can be separated from one another by changing the 
wavelengths, without narrowing a pulse width of the 
probe lights generated by the optical pulse testers 32, 
34. A measuring dynamic range of the optical pulse 
testers 32. 34 relies upon a pulse width of the probe 
light, and the narrower the pulse width, the higher the 
resolving power of a distance, but the measuring 
dynamic range becomes smaller. Therefore, this 
embodiment is particularly effective when the target 
position to be measured is far away from the end of 
measuring section, and, consequently, the measuring 
dynamic range should be made larger, namely, it is 
effective particularly for the optical fber line of a super 
long distance. 

FIG. 7 is a schematic structural block diagram of an 
embodiment applied for an optical fiber communication 
system wherein the output light from the optical sending 
apparatus are multi-divided by an optical adding and 
dividing device and distributed to a plurality of terminals. 
A central station 40 comprises an optical sending appa- 
ratus 42 for generating the signal light of the wavelength 
Xs: an optical pulse tester 44 for generating probe pulse 
lights of wavdengths XI -Xn and measuring the 
reflected lights on the time base: an optical adding and 
dividing device 46 for adding the output light of the opti- 
cal sending apparatus 42 and the output lights (probe 
lights) of the optical pulse tester 44. and returning the 
reflected lights of the probe lights to the optical pulse 
tester 44; and an optical adding and dividing device 48 
for dividing the added output lights of the optical send- 
ing apparatus 42 and the optical pulse tester 44, which 
have been output from the optical adding and dividing 
device 46, and distributing the divided lights to optical 
fiber lines 50-1 -50-n of an n channels. The optical add- 
ing and dividing device 48 also has a function of adding 
the reflected lights from the optical fiber lines 50-1-50- 
n and returns the added lights to the optical adding and 
dividing device 46. Input/output characteristics of the 
optical adding and dividing device 48 do not rely upon 
wavelengths. Opposite ends of the optical fiber lines 50- 
1 -50-n of the n channels are connected to optical 
receiving terminals 52-1 -52-n, respectively. 

On each of the optical fiber lines 50-1 ~50-n of the n 
channels, reflecting elements (each comprising, for 
example, an optical f ber grating as described in each of 

the above-described embodiments) 54-1. 54-2 54-n 

for reflecting the wavelengths XI , >2 Xn at a reflec- 
tive index in the order of 1%-10% are disposed at suit- 
able locations. Preferable locations of these reflecting 
elements are the same as described in each of the fore- 
going eml>odiments. The reflecting wavelengths XI -Xn 
of the reflecting elements 54-1 -54-n are set differently 
from the wavelength Xs of the signal light. 

Now. the operation of the embodiment shown in 



FIG. 7 will be described. The signal light of the wave- 
length Xs outputted from the optical sending apparatus 
42 of the central station 40 is input into an M port of the 
optical adding and dividing device 48 through the optical 

5 adding and dividing device 46. and is divided into n to 
be outputted to each optical fber line 50-1 -50-n from 
each port #l-#n of the optical adding and dividing 
device 48. The signal light transmitted through each 
optical ftoer line 50-1 -50-n is input into each terminal 

w 52-1-52-n where the signal light Is received and proc- 
essed. 

The optical pulse tester 44 outputs the probe pulse 
lights of the wavelengths XI -Xn at slightly different 
times successively, for example, in the sequence of XI . 

15 X2 Xn. The output light from the optical pulse 

tester 44 is input into the M port of the optical adding 
and dividing device 48 through the optical adding and 
dividing device 46. The optical adding and dividing 
device 48 divides the probe lights into the n, like the 

20 dividing of the signal light wavelength Xs. and each 
divided probe light is input into each optical fiber line 54- 
1-54-n from each port #1-#n. 

In the optical fiber line 50-1. the probe light of the 
wavelength XI Is partially reflected by the reflecting ele- 

25 ment 54-1 during propagation, while the remaining 
wavelengths X2-Xn are not reflected by the reflecting 
element 54-1 and propagated through the optical fiber 
line 50-1. Consequently, the reflected light of the wave- 
length X1 from the reflecting element 54-1 and the 

30 reflected lights of the wavelengths XI -Xn by the 
Rayteigh back-scattering are propagated through the 
optical fiber line 50-1 towards the central station 40. 
Similarly, in the optical fiber line 50-2, the probe light of 
the wavelength X2 is reflected by the reflecting element 

35 54-2; and in the optical ftoer 50-n, the probe light of the 
wavelength Xn Is reflected by the reflecting element 54- 
n. 

The reflected lights which return through the optk:al 
ftoer lines 50-1 -50-n are added by the optical adding 

40 and dividing device 48 and input into the optical pulse 
tester 44 through the optical adding and dividing device 
46. In the optical pulse tester 44, the Intensity of the 
reflected lights are analyzed (including graphic repre- 
sentation in the monitor screen and/or in printed output 

45 form) by each wavelength on the time base. 

In the emtxxiiment of FIG. 7, since the reflected 
lights transmitted through each optical fiber line 50- 
1 -50-n are returned to the optical pulse tester 44 in the 
superimposed state, a minute trouble which might have 

so occurred in any optical f it)er line 50-1 -50-n cannot be 
measured precisely by the Raleigh back-scattered light. 
However. In the case of cracking or rupture, there will be 
the reflected pulse from that cracking or rupture, and the 
reflected lights from any of the reflecting elements 54- 

55 1-54-n located behind such cracking or ruptured posi- 
tion will not be present or will be weaker than the normal 
intensity, and. as a result, any of the optical fber lines 
50-1 -50-n having such cracking or rupture occurred 
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can be ^^ecified and an approximate position thereof 
can be measure by the wavelengths X1-Xn of the 
probe lights. For example, with the probe light of the 
wavelength a1, the optical ftoer line 50-1 can be 
c^eck^ as to whether there is a cracking or rupture and 5 
. rf any, an approximate position thereof can be meas- 
ured; and with the probe light of the wavelength An, the 
optical fiber line 50-n can be checked as to whether 
there is a cracking or rupture and, if any. an approximate 
position thereof can be measure. ' 7c 

FIG. 8 Is a schematic structural block diagram of the 
optical pulse tester 44 of FIG. 7. Numerals 60-1 , 60-2. 

60-n are each designates a light source (a laser 

diode) for respectively generating laser beams of wave- 
lengths XI , A2 Xn, and they are driven by a driving is 

pulse generated by a pulse generator 62 to generate 
optical pulses (probe lights) of the above-mentioned 
wavelengths, respectively An optical selector 64 selects 
the output lights from the light source 60-1 -60-n suc- 
cessively at a predetermined timing, and supplies it to 20 
an optical adding and dividing device 66. 

The optical adding and dividing device 66 outputs 
the probe lights from the optical selector 64 to outside 
(here, to the optical adding and dividing device 46). and 
supplies the reflected light from the outside (here, from 25 
the optical adding and dividing device 46) to a light 
receiving device 68. The light receiving device 68 con- 
verts the optical signal into an electrical signal, and out- 
puts the electric signals to a signal processing circuit 
70. The signal processing circuit 70 starts processing 3C 
(for example, a logarithmic compression) of an output 
level of the light receiving device 68 with a timing sgnal 
from the pulse generator 62 as a reference, on the time 
base. Thus, a variation of the intensity of reflected light 
can be measured on the time base (i.e. distance), and a 35 
result Is indicated on the screen of a display device 72. 

It is apparent that, in place of the plurality of light 
sources 60-1 -60-n of different wavelengths and the 
optical selector 64, a vahable wavelength light source 
may be used. Further, instead of making direct pulse 40 
driving of the light source, optical pulses may be formed 
by an optical switch, such as acoustic-optical(AO) 
switch. 

The embodiment of FIG. 7 Is suitable, for example, 
for an optical network of broadcasting system, such as. 45 
cable televisions, since a fault location of optical ftoer 
lines, which have been multi-branched by a star coupler, 
can be measured by centering thereto from the distrib- 
uting station. In this case, reflecting elements of differ- 
ent wavelengths are disposed respectively per branch sc 
line at desired locations on each branched f ber line, so 
that the branch line having the fault can be specified by 
the distributing station according to the wavelength, and 
the fault location can be determined by the reflecting 
time. 55 

Generally, an optical fiber cable envelopes therein a 
plurality of. for example, more than 12 optical fiber lines. 
In this case, therefore, incorporating the atx>ve-men- 



tioned reflecting elements 10a. 30a, 30b, 30c in one 
optical fiber line and making it a distance reference, 
thereby, the fault location on any/all optical fiber lines 
enclosed in the fiber cable can be detects with high 
precision, because the lengths of all optical fiber lines 
enclosed in the optical fiber cable are the same. FIG. 1 2 
is a schematic structural block diagram of this embodi- 
ment. 

The sending station A and the receiving station B 
are connects by an optical ftoer cable 210. and the 
optical fiber cable 210 encloses therein the n number of 
optical fiber lines 212-1 -212-n. One optical fiber line 
212-1 includes optical ftoer gratings 214. 214 for reflect- 
ing the wavelength XI which is different from the signal 
wavelengthXs, and di^>osaJ at appropriate locations 
with suitable intervals, like the optical Ober line 10 of 
FIG. 1 , and to serve as the optical fiber line of a distance 
reference. The location of optical fiber grating 214 and 
its reflective index are the same as the optical ftoer grat- 
ing 10a of the above-described embodiment. Also, like 
the embodiment of FIG. 5, a plurality of optical fiber 
gratings of different wavelengths may be provided. 

The sending station A includes an optical sending 
apparatus 216-1-216-n for generating the signal trans- 
mission light of the wavelength Xs to each optical fiber 
line 212-1 -212-n. and the output light from each optical 
sending apparatus 216-1-216-n is applied to each opti- 
cal fiber line 212-1 -212-n through an optical adding and 
dividing device 218-1-218-n. 

The sending station A further includes an optical 
pulse tester 220 for generating probe pulse lights of 
wavelength XO. XI which are different from the optical 
signal wavelength Xs. and measuring the intensity of 
their reflected lights on the time base; and an optical 
switch 222 for connecting the output probe pulse light of 
the optical pulse tester 220 with one of the optical fiber 
lines 212-1-212-n. The optical switch 222 has the n 
number of selecting termirals which are respectively 
connected with the optical adding and dividing device 
218-1-218-n. 

The optical adding and dividing device 218-1-218- 
n serves as a half mirror in terms of its function, like the 
optical adding and dividing device 1 6 of FIG. 1 ; and they 
respectively direct the output lights of the optical send- 
ing apparatuses 216-1 -21 6-n to incident upon the opti- 
cal ftoer lines 212-1-212-n, direct the probe pulse 
lights, whidi have been incident thereon from the optical 
pulse tester 220 through the optical swvitch 222. to inci- 
dent upon the optical fiber lines 212-1 -212-n, and sup- 
ply the r^lected lights from the optical ftoer lines 212- 
1-212-n to the optical switch 222. The optical switch 
222 supplies the reflected light, which has been 
received from one of the optical adding and dividing 
devices 218-1-218-n connected with the select«l ter- 
minal, to the optical pulse tester 220. 

The receiving station B includes optical receiving 
apparatuses 224-1 -224-n for receiving optical signals 
which have been transmitted through each of the optical 
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fiber lines 21 2-1 ^21 2-n of the optical ftoer cable 21 0. Of 
course, the receiving station B may be provided with 
similar apparatuses of the sending station A. such as 
the optical adding and dividing device 218-1-218-n. 
optical pulse tester 220 and optical switch 222. so that 5 
whether there is a fault on the optical cable 210. and if 
so. can measure the fault location from an optical 
receiving station B. 

In the case where the optical f&er line 212-1 is used 
exclusively as the distance reference, the optical serrd- 10 
ing apparatus 216-1, the optical adding and dividing 
device 218-1 and the optical receiving apparatus 224-1 
are, of course, not required. In this case, the corre- 
sponding selecting terminal of the optical switch 222 is 
directly connected with the optical fiber line 212-1. is 

Wavelengths XO, \^ of the probe lights generated 
by the pulse tester 220 are made differerrt from the sig- 
nal transmission wavelength Xs. Needless to say. in the 
case of wavelength-division multiplexing system, the 
signal transmission wavelength Xs means a waveband 20 
consisting of a plurality of wavelengths. In the case of 
this embodiment, it may be possible to have the probe 
pulse light of only the wavelength XI. However, the 
probe pulse light of the wavelength XO is helpful to iden- 
tify the position of the optical fiber grating 214 of the 2S 
optical fiber line 212-1 serving as the distance refer- 
ence, or to determine a fault location adjacent to the 
optical fiber grating 214. 

The operation of this embodiment will be described. 
Each optical sending apparatus 216-1 -216-n gener- 30 
ates the signal light, and the signal light is input into 
each optical fiber line 2 12- 1-21 2-n through each optical 
adding and dividing device 218-1 -218-n and transmit- 
ted through each optical fiber line 212-1 -21 2-n. Each 
optical receiving apparatus 224-1 -224-n of the receiv- 35 
ing station B receives and processes the signal light 
which has been transmitted through each optical fber 
Iine212-1-212-n. 

Each optical fiber line 21 2-1 -21 2-n of the optical 
fiber cable 210 is checked at the time when a fault has 40 
occurred, or continuously by the optical pulse tester 220 
to see whether there is a fault or not, and If so, the fault 
location can be measured. Generally, an administrator 
of the optical f&^er cable 210 makes the optical pulse 
tester 220 generate the probe pulse light of the wave- 45 
length XI, and the optical switch 222 switch the probe 
light successively to each optical fiber line 212-1~212-n 
to check these optical fiber lines in sequence.. From the 
reflected light of the optical fiber line 212-1, many dis- 
tance markers (and Fresnel reflection pulse), can be so 
obtained as shewn in FIG. 2(1), as in the case of each 
of the above-described embodiments. From the remain- 
ing optical fiber lines 21 2-2-21 2-n, time variations of 
the Rayleigh l>ack-scattered light and Fresnel light 
reflected from the fault tocation can be obtained. By ss 
conrparing a result of measurement of tiie optical fitter 
line 212-1 with a result of measurement of each optical 
fiber line 212-2-212-n. the fault location in any of the 



optical fiber lines 212-2-212-n can be determined with 
a higher precision. 

When the measuring position of the optical fiber 
grating 214 of tiie optical fiber line 212-1 Is questiona- 
t>le, the probe pulse light of the wavelength XO is gener- 
ated by the optical tester 220 to check the optical fiber 
line 212-1 with the wavelength XO. The operation of this 
checking is exactiy the same as the embodiment of FIG: 
1 . Therefore, with the emtxxjiment of FIG. 12. it is pos- 
sible to have the optical pulse tester 220 generate the 
probe putse light of only the wavelength XI . 

When intervals for placing reflecting elements of 
optical fber gratings are set to, for example, every 10 
km. an error in the displayed distance is made to about 
34m. even with the optical fber lines of 100 km in 
length. An error may be made smaller by increasing tiie 
number of positions for placing the reflecting elements. 
This allows determination of the fault location with a 
high precision and, tiierefore, allows reduction of tiie 
time required for restoration to a considerable extent. 
Further, for a zone which is thought to have a higher 
potentiality for having a fault, the reflecting elements 
may be placed at both ends of the zone, thereby to facil- 
itate detection of the fault location. 

Those skilled in the art will be understood from tiie 
foregoing desaiption that the invention can measure 
the position of a fault location with high precision and 
the time required for restoration of the fault can be 
reduced. For example, an area for temporary traffic 
restriction of the public traffic network can be narrowed, 
and the traffic restriction time can be shortened. 

Claims 

1. An apparatus for detecting a fault location in an 
optical fiber line comprising: 

an optical fber line including one or more 
reflecting means for reflecting a predetermined 
reflection wavelength which is different from a 
signal wavelength, said reflecting means are 
disposed at predetermined positions along 
said optical fiber line, and 
an optical pulse test means for generating a 
probe pulse light of at least said reflection 
wavelength, using the reflection light from said 
reflecting means as a distance marker, and 
analyzing a Rayleigh back-scattered light from 
the optical fber line and a Fresnel reflection 
light from the fault location on a time base. 

2. An apparatus for detecting a fault location in an 
optical fiber line as recited in Claim 1 wherein said 
reflecting means comprises an optical fber grating. 

3. An apparatus for detecting a fault location in an- 
optical fiber line as recited in Claim 1 or 2 wherein 
said optical fiber line includes one or more reflect- 
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ing mear^ of a plurality of various types of different 
reflection wavelengths. 

4. An apparatus for detecting a fault location in an 
optical fiber line as recited in Claim 3 wherein the s 
optical pulse test means generates probe pulse 
lights of wavelengths each corresponding to each 

of said different wavelengths of the plurality of vari- 
ous types of reflecting means. 

10 

5. An apparatus for detecting a fault location in an 
optical f ber line as recited in Claim 1 or 4, wherein 
the optical pulse test means further generates the 
probe pulse light of a wavelength which is different 
from either the signal wavelength or the reflection is 
wavelengths of the reflecting means. 

6. An apparatus for detecting a fault location in an 
optical f toer line as recited in Claim 4 or 5. wherein 
the optical pulse test means generates a plurality of 2c 
probe pulse lights in a predetermined sequence. 

7. In an optical transmission system for transmission 
of signal lights from a central station through a plu- 
rality of optical fiber lines, an apparatus for detect- 25 
ing a fault location in the optical fiber line 
comprising: 

reflecting means disposed at one or more pre- 
determined locations along each of the optical 3c 
fiber line, the reflecting means reflects a wave- 
length characteristic of each optical fiber line 
and different from a signal wavelength, 
optical pulse test means for generating probe 
pulse lights of said reflection wavelength of the 35 
reflecting means of each optical fiber line, and 
analyzing the reflected lights on a time base, 
and 

optical coupling means for supplying output 
lights of the optical pulse test means to each 40 
optical fiber line, and also supplies the reflected 
light from each optical fiber line to the optical 
pulse test means. 

8. An apparatus for detecting a fault location in an 45 
optical fiber line as recited in Claim 7 wherein said 
optical coupling mear^ connprises optical adding 
and dividing means for dividing the output light from 
the optical pulse test means to distribute them to 
each optical fber line, and adding the reflected sc 
lights from each optical ftoer line to supply them to 
the optical pulse test means. 

9. An apparatus for detecting a fault location in an 
optical fiber line comprising: 55 

a first optical fiber line including one or more 
reflecting means disposed at predetermined 



positions along said optical fiber line for reflect- 
ing a reflecting wavelength which is different ' 
from a signal wavelength, 
a second optical fiber line of substantially a 
same length as said first optical fiber line, and 
optical pulse test means for generating a probe 
pulse light of at least said reflecting wave- 
length, and analyzing reflected lights from said 
first optical fiber line and said second optical 
f toer line on a time base, and 

wherein the probe pulse light of said 
reflecting wavelength which is reflected by said 
reflecting means is used as a distance marker. 

10. An apparati^ for detecting a fault location in an 
optical fber line as recited in Claim 9 wherein said 
reflecting means comprises an optical fber grating. 

11. An apparatus for detecting a fault location in an 
optical fiber line as recited in Claim 9 orlO wherein 
said first optical fiber line includes one or more 
reflecting means of a plurality of various types of 
different reflecting wavelengths. 

12. An apparatus for detecting a fault location in an 
optical fiber line as recited in Claim 1 1 wherein said 
optical pulse test means generates probe lights 
each having a wavelengtii corresponding to each of 
different reflecting wavelengths of said plurality of 
various types of reflecting means. 

13. An apparatus for detecting a fault location in an 
optical fiber line as recited in Claim 9 or 12 wherein 
said optical pulse test means further generates a 
probe pulse light of a wavelength which is different 
from either said signal wavelength or said reflecting 
wavelengths of said reflecting means. 

14. An apparatus for detecting a fault location In an 
optical fiber line as recited in Claim 12 or 13 
wherein said optical pulse test means generates a 
plurality of probe pulse lights in a predetermined 
sequence. 

15. An apparatus for detecting a fault location in an 
optical fftser tine as recited in Claim 9 wherein said 
first optical fiber line and said second optical fiber 
line are contained in a same optical f ber cable. 
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FIG. 2 
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FIG. 6 
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FIG. 8 
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